Background-El Paso County (Texas) is prone to still air inversions and is one of the dust "hot spots" in North America. In this context, we examined the sub-lethal effects of airborne dust and low wind events on human respiratory health (i.e., asthma and acute bronchitis) between 2000 and 2003, when 110 dust and 157 low wind events occurred. Because environmental conditions may not affect everyone the same, we explored the effects of dust and low wind within three age groups (children, adults, and the elderly), testing for effect modifications by sex and insurance status, while controlling for weather and air pollutants.
Introduction
Both high wind and low wind conditions raise levels of pollutants and particulates in the air (Hosiokangas et al., 2004) , and are thus public health concerns. In El Paso, Texas and the surrounding Chihuahuan Desert, blowing dust with high winds is a typical weather phenomenon, especially in the spring (Novlan et al., 2007; , whereas in the winter months, stagnant air is more common as atmospheric temperature inversions trap urban air pollution (Li et al., 2001) . A prior quantitative evaluation of health impacts of coarse particulate matter in El Paso found that high wind was associated with 10% lower non-accidental mortality than low or average wind speeds, suggesting that low wind might be more detrimental to health than high wind (Staniswalis et al., 2005) . Building on that study, we focus on hospital admissions for asthma and acute bronchitis as related to dust and low wind events in El Paso, and explore whether different social groups, defined based on age, sex and insurance status, are differentially affected by dust and low wind events.
There is a vast literature on the respiratory health effects of daily levels of individual anthropogenic air pollutants (e.g., Peng et al., 2005; Ho et al., 2007; Szyszkowicz, 2008; Burra et al., 2009; Gurjar et al., 2010; Halonen et al., 2010) , but relatively few studies (primarily in Asia) have explored the respiratory health effects of dust events, and especially low wind events. Several studies have found a link between dust from sources far upwind (i.e., Saharan or Asian) and respiratory exacerbations in distant communities (e.g., Trinidad, Taiwan, and Korea) (Gyan et al., 2005; Bell et al., 2008; Lee et al., 2008) . Respiratory health impacts have also been associated with dust events in communities like El Paso that are near dust source areas (Hefflin et al., 1994; Bener et al., 1996; Meng and Bin, 2007) There has been relatively little research on the health effects of surface atmospheric air inversions associated with low wind conditions (Abdul-Wahab et al., 2005) , although several studies have shown an association. While low wind itself may not have health effects, low wind events represent conditions under which a mixture of pollutants from a variety of known and unknown sources build up in the air in urban areas (Norris et al., 2000) . Norris et al. (2000) found a significant relationship between air stagnation and emergency room visits for asthma in Seattle and Spokane. In Oman, researchers found that daily counts of hospital admissions for asthma increased with increasing depth and strength of the inversions (Abdul-Wahab et al., 2005) . When just considering average wind speed (as opposed to a binary indicatory for low wind), researchers have not found strong associations with asthma or acute bronchitis (Holmen et al., 1997; Nastos et al., 2006; Falagas et al., 2008) .
While there is substantial evidence that not all social groups are impacted by daily levels of air pollution to the same degree (O'Neill et al., 2003; Lipfert, 2004) , effect modification analyses have generally not been conducted for dust and low wind events. In investigations of air pollution's respiratory effects, socio-economic status (Grineski et al., 2010) , sex (Szyszkowicz, 2008) , and age (Yamazaki et al., 2009 ) have been found to modify the effects of air pollution on health. While age is sometimes investigated in dust studies (Gyan et al., 2005; Prospero et al., 2008) , sex is less often explored (see Meng and Bin, 2007 and Kanatani et al., 2010 for exceptions) and insurance status has not been studied for either dust or low wind events.
The analysis presented in this paper contributes in three key ways to previous studies. First, we explored the respiratory effects of near-source airborne dust in an understudied North American context. Second, we investigated the respiratory health effects of low wind inversions, an understudied topic, and compared them to the health effects of dust events. Third, we explored effect modifications for dust and low wind events. In making these contributions, we addressed the following research questions:
1. Are airborne dust and low wind events associated with an increase in asthma and acute bronchitis hospitalizations in El Paso after adjustments for the effects of weather and air pollution for all ages, ages 1-17 years, 18-64 years, and over 65 years of age?
2. Are the effects of airborne dust and low wind events on asthma and acute bronchitis hospitalizations in El Paso modified by insurance status and sex in each age group, adjusting for the effects of weather and air pollution?
Materials and Methods

Study Community
El Paso County, Texas is located in the far west corner of Texas and across the Rio Grande from its Mexican counterpart, Ciudad Juárez. The county spans 2,600 square kilometers; in 2009, it was home to 750,000 people, 82% of which were Latino (US Bureau of the Census, 2010). Located in one of North America's dust "hotspots" (Prospero et al., 2002) , El Paso is arguably the dustiest city in the United States . Dust events are caused by wind erosion of desert basins, rangelands, and agricultural lands primarily to the south and west of the city (Rivera Rivera et al., 2010) . El Paso is also known for still air inversions (Lauer et al., 2009 ), making it a unique laboratory for this comparative investigation between dust and low wind events.
Data
To measure respiratory health, we obtained hospital admissions for asthma and acute bronchitis in El Paso County between 2000 and 2003 from the Texas Health Care Information Council in Austin, Texas (Texas Health Care Information Council, 2000) . From this dataset, we extracted patients living in El Paso County that were hospitalized for asthma (ICD-9 code 493) or acute bronchitis (ICD-9 code 466) during the study period. The final data set included the following patient characteristics: age group code, sex, insurance status, and date of admission. To prepare the data for analysis, we collapsed the 22 age group codes into the following categories: 1-17 years, 18-64 years, and 65 years and older.
We also re-coded the primary insurance provider into Private (i.e., health insurance from a private company, which usually requires that patients pay a co-payment [e.g., $30 to visit a doctor at a clinic]), Medicare (i.e., government insurance for people over 65 years old and the disabled that provides free health care and prescription drug assistance), Medicaid (i.e., government insurance for the poor, including the State Children's Health Insurance Program that provides free and low cost care to poor people of all ages that qualify), No Insurance (e.g., people that must pay full price for care and/or visit charity clinics because they do not have insurance assistance), and Other Public (e.g., Civilian Health and Medical Program of Uniformed Services, which provides low cost care to military members and their families). In El Paso, Medicare is primarily accessed by the elderly and Medicaid by children: over 90% of elderly asthma and bronchitis cases were covered by Medicare, and 59% of children's asthma cases and 68% of children's acute bronchitis hospitalizations were covered by Medicaid.
We used individual-level health insurance status to reflect socioeconomic status, a common practice in effect modification studies (Gwynn and Thurston, 2001; Chang et al., 2009; Grineski et al., 2010) . Insurance status is a reasonable surrogate for socioeconomic status for adults and children, but not for the elderly because Medicare is available to elderly citizens of the US independent of their social class. If an insurance provider group had less than 20 cases (Table 1) , we excluded it from the insurance analysis.
We obtained weather data (i.e., average daily temperature, dew point, and average wind speed) and the daily weather record from the US National Weather Service, based on observations at El Paso International Airport. In accordance with Novlan et al. (2007) , we coded a day as a dust event if the daily weather record indicated "blowing dust", "widespread dust", "drifting dust", "blowing sand", "drifting sand", "sand storm", "widespread sand", "dust storm", "dust haze", or other related suspensions of mineral aerosols in the air sufficient to reduce visibility to less than 10 kilometers. In total, there were 110 days with dust events during the study period, more than in many other studies (Kwon et al., 2002; Chen et al., 2004; Yang et al., 2005; Chan et al., 2008; Perez et al., 2008) .
We preferred this definition of a dust event to using levels of coarse particulate matter at air monitors to define dust events (e.g. in Bell et al., 2008) for several reasons. First, there are only two such monitors in the city and they were not operating continuously during the study period. Second, particulate matter comes from a variety of sources including smoke and anthropogenic emissions; a large fire (relatively common in the study area) could cause a peak in particulate matter that is unrelated to a dust event. Third, this method ensured that only significant dust events, such as those that reduce visibility across the metropolitan area, were captured.
We transformed average wind speed into a dichotomous indicator of low wind events. If a day had an average wind speed of less than or equal to the 10 th percentile for the study period (i.e., 2 meters per second), we designated it as a day with a low wind event. Our decision was supported by observations from an eight week study in a portion of the El Paso metropolitan area; peaks in evening levels of particulate matter occurred 90% of the time that wind speed fell below 2 meters per second (Li et al., 2005) . There were a total of 157 low wind events during the study period. Low wind and dust events never occurred on the same day during the study period. We refer to days that had neither low wind nor dust events as 'clear days' for lack of a better concise descriptor.
We acquired PM 2.5 (i.e., particulate matter of 2.5 micrometers or less) and nitrogen dioxide data for the study period from the Texas Commission on Environmental Quality continuous air monitoring stations in an hourly format disaggregated by pollution monitor. In the El Paso metropolitan area, the Commission operated two monitors that captured hourly PM 2.5 and four monitors for hourly nitrogen dioxide. While they also operated two PM 10 (i.e., particulate matter of 10 micrometers or less) monitors, PM 10 was not included because of missing data (i.e., one monitor was missing data for 2000-2001, and the other was missing all but December 2003). To create a daily variable from PM 2.5 hourly data, we computed the mean across monitors of the daily 24-hour average. For nitrogen dioxide, we identified the maximum 24-hour reading at each of the stations and then averaged them.
Methods
We employed conditional logistic regression (as implemented in Proc PHREG in SAS Version 9.2) for the case-crossover design (Jaakkola, 2003) , which is equivalent to Poisson regression for time-series modeling (Lu and Zeger, 2006) except that seasonality is controlled for by design (i.e., by self-matching) instead of in the regression model. Exposures on the index date (i.e., date of hospitalization) were compared with exposures on referent dates selected to fall on the same day-of-week, month and year as the index date (Janes et al., 2005; Perez et al., 2008; Belleudi et al., 2010) . Others have instead matched on month, year, and apparent temperature, and then controlled for day-of-week using dummy variables, but both strategies yield similar results (Zanobetti and Schwartz 2005) .
When using conditional logistic regression for the case-crossover design, the modifying effect of patient characteristics, such as age, sex, and insurance status, on the association between dust/ low wind events and health cannot be estimated directly (as a main effect) because each patient serves as his/her own control. However, an advantage of this approach is that interactions between patient characteristics and dust/low wind events can be estimated, as was done here, allowing for the investigation of effect modification by age, sex, and insurance status.
The odds ratios computed from the model coefficients provide an estimate of relative risk of hospitalization related to exposure to dust or low wind while controlling for apparent temperature, nitrogen dioxide and PM 2.5 . Apparent temperature reflects a person's perceived temperature and is calculated using metric units for temperature and dew point: 22.653 + (0.9946* Air Temperature) + (0.01536 * Dew Point 2 ) (Steadman, 1979; Zanobetti and Schwartz, 2006) . When studying human health, apparent temperature is more appropriate than temperature alone (Lawrence, 2002) since it allows for consideration of both temperature and dew point without the collinearity problems that can accompany inclusion of both separately, while avoiding specification bias from leaving one out. We included apparent temperature on the previous day in the regression model using a linear regression spline with three degrees of freedom to control for lagged and nonlinear effects of temperature (Zanobetti and Schwartz, 2006; Maynard et al., 2007) .
For use in the modeling, we created two different control variables for each pollutant: average over lags 0-1, and average over lags 0-3. We used both sets of control variables (in separate analyses) because there is no consensus in the literature in terms of the most health relevant one. In addition to the indicator variables for "dust" and "low wind" events, we created three lagged terms (i.e., lag 1, lag 2 and lag 3) to account for the time needed to mount a respiratory response to the dust or low wind event. The lags represent 1, 2 and 3 days after the dust or low wind event.
For the analyses of asthma and acute bronchitis, first, we selected dust and low wind event lags with the largest odds ratio for all ages for inclusion in the models (Perez et al., 2008; Yi et al., 2010) . Then, we reported the adjusted odds ratios for dust and low wind for all ages. We examined a possible effect modification by age (following Perez et al., 2008) by A) including age interaction terms in the model allowing for a direct comparison of children and the elderly to adults, and B) through a subgroup analysis by age (1-17, 18-64 and over 65 years). With the first approach, it was implicitly assumed that age did not modify the effect of the control variables (i.e., apparent temperature, nitrogen dioxide, and PM 2.5 ) in the models for all ages. With the second approach, the effects of control variables were allowed to vary across the age strata. We then explored possible effect modifications by insurance status and then by sex for all ages and within each of the three age subgroups. Controlling for apparent temperature (lag 1), we ran all models twice controlling for nitrogen dioxide and PM 2.5 : once using an average over lags 0-1, then using an average over lags 0-3, tabulating both sets of results. However, in sections 3.1-3.5, we present only the point estimates using the average over lags 0-1 for nitrogen dioxide and PM 2.5 for parsimony.
We conducted a sensitivity analysis of the reported odds ratios to the definition of low wind event and to adjustment by PM 2.5 , and results are reported in section 3.5. We explored the 5 th percentile of average wind speed (1.7 meters per second), resulting in 77 low wind events for the study period, as an alternative to the 10 th percentile (2.0 meters per second) cutoff for a low wind event. We performed the sensitivity analysis for the definition of low wind events for all ages only, with and without a PM 2.5 adjustment. Table 3 shows odds ratios for hospitalizations associated with a 10 unit increase in PM 2.5 and nitrogen dioxide, while adjusting for apparent temperature, without the inclusion of dust and low wind to allow for a comparison between El Paso and other cities.
Results
Figure 1 presents odds ratios for hospital admissions associated with lags 0, 1, 2 and 3 for dust and low wind events. Same day dust (lag 0) and low wind three days before (lag 3) had the largest odds ratios for prediction of asthma; for acute bronchitis admissions, dust lag 1 and low wind lag 2 had the largest odds ratios (Figure 1) . Tables 4 and 5 present odds ratios with 95% confidence intervals for the association of dust and low wind events with asthma and acute bronchitis.
Asthma & Dust Events
People of all ages in El Paso were 1.11 (95% CI: 0.96-1.28) times more likely to be hospitalized for asthma on a dust event day than on a clear day (Table 4) , with similar findings in the subgroup analysis for children and adults. Those without insurance were generally more likely to be hospitalized for asthma on a dust event day than those with private insurance (Table 4) .
Asthma & Low Wind Events
People of all ages were 1.07 (95% CI: 0.96-1.21) times more likely to be hospitalized three days after a low wind event than on a clear day (Table 4) . Children and adults with Medicaid tended to be at increased risk. For example, children were 1.19 (95% CI: 1.00-1.41) times more likely to be hospitalized after a low wind event than on clear day (Table 4) .
Acute Bronchitis & Dust Events
In the all ages analysis, people were 1.23 (95% CI: 0.99-1.55) times more likely to be hospitalized one day after a dust event than on a clear day (Table 5) . Females were more likely to be hospitalized after a dust event than were males, and this pattern emerged for all age groups except the elderly. Children were 1.33 (95% CI: 1.01-1.75) times more likely to be hospitalized after a dust event than a clear day. Girls were more sensitive: they were 1.83 (95% CI: 1.09-3.08) times more likely than boys to be hospitalized after a dust event.
Adults with Medicaid were also at increased risk compared to those with private insurance (Table 5) .
Acute Bronchitis & Low Wind Events
People of all ages were 1.11 (95% CI: 0.94-1.31) times were more likely to be hospitalized two days after a low wind event than on a clear day (Table 5) . Those of all ages covered by Medicaid were generally at increased risk. Children were 1.19 (95% CI: 0.98-1.44) times more likely to be hospitalized after a low wind event than on a clear day. Children with Medicaid and boys were at higher risk for hospitalization. For example, girls were 0.68 (95% CI: 0.46-1.00) times less likely to be hospitalized than boys after a low wind event.
Adults with Medicaid and with no insurance were more likely than adults with private insurance to be hospitalized after a low wind event (Table 5) .
Sensitivity Analysis
In a sensitivity analysis, we found that the parameter estimates were stable across the models fitted with and without PM 2.5 (using both definitions of a low wind event), so only the results with adjustment for PM 2.5 were reported (Tables 4 and 5 ). Our choice of low wind event definition (5 th or 10 th percentile) within all ages had little to no effect on the estimate of the parameters for dust events or on the estimates of the main effects for low wind events for both asthma and bronchitis admissions. However, when using the 5 th percentile of average wind speed, the estimates of the odds ratios for the interaction effects with low wind indicated greater modifying effects (but in the same direction as the 10 th percentile analysis reported in Tables 4 and 5 ) of insurance status and age on the association of low wind with asthma hospitalizations, and also for insurance and sex on the association of low wind with bronchitis (see complete results in the online appendix). In using the more restrictive low wind definition (i.e., 5 th percentile), three additional findings became statistically significant, despite fewer event days: children were more likely than adults to be hospitalized for asthma after a low wind event (1.50, 95% CI: 1.02-2.08), females were less likely than males to be hospitalized for bronchitis after a low wind event (0.63, 95% CI: 0.42-0.96), and people covered by Medicaid were more likely to be hospitalized for bronchitis than those with private insurance after a low wind event (1.71, 95% CI: 1.05-2.81).
Discussion
The results showed a general pattern whereby hospitalizations for asthma and acute bronchitis were associated with the occurrence of dust and low wind events in El Paso. While many studies have linked asthma to air quality (e.g., Ho et al., 2007) , acute bronchitis has less often been studied even though particulate matter can influence the ability of an immature immune system to fight off bacteria and other pathogens (Ostro et al., 2009) . Others have found increases in particulate matter associated with bronchitis (Barnett et al., 2005; Ostro et al., 2009 ) and bronchitis admissions were related to dust events in El Paso, underscoring the need to consider respiratory diseases beyond asthma in health effects studies.
Our findings confirm those previously reported. A near source dust study from China found a significant relative risk of respiratory hospitalizations for all ages (i.e., 1.14, 95% CI: 1.01-1.29 for males to 1.18, 95% CI: 1.00-1.41 for females) attributable to local dust events (lag 3) (Meng and Bin, 2007) , which was higher than our asthma findings, but lower in magnitude than our acute bronchitis findings. In looking at children, Ueda et al. (2010) found a 1.21 (95% CI: 0.95-1.55) times increase in asthma hospitalizations associated with Asian dust events in Japan, which was slightly higher than our reported odds ratio for El Paso. Our findings for asthma were slightly higher than the 1.08 (95% CI: 0.97-8.76) relative risk of asthma admissions (all ages) attributable to dust events (lag 2) in Taiwan (Yang et al., 2005) , but lower than 1.7 (95% CI: 1.1-2.5) odds ratio for children's asthma and dust found for children in Japan (Kanatani et al., 2010) While operationalizing low wind differently, we had similar results to Norris' et al. (2000) in that they found that air stagnation (lag 3) was associated with significant increases in asthma hospitalizations for children in Seattle and Spokane, Washington. In analyzing the lag structure of dust and low wind in El Paso, dust seemed to have a more immediate impact on health (lag 0 selected for asthma and lag 1 for bronchitis) than did low wind (lag 3 for asthma and lag 2 for bronchitis). While the low wind lag was similar to Norris et al. (2000) , the short lag times for dust found in El Paso differed from Meng and Bin (2007) , who also studied people living near a dust source, but were similar to Kanatani et al. (2010) , who studied people exposed to dust from a distant source. Our study found that dust events were generally associated with larger odds ratios than were low wind events, which contrasts with Staniswalis et al. (2005) 's finding that low wind had a larger impact on non-accidental mortality than did high wind (their surrogate for a dust event) for all age groups in El Paso.
Children emerged as the most sensitive group (i.e., had the largest odds ratio of the three age groups) for bronchitis after low wind and dust events, and for asthma after low wind events to a statistically significant degree. Children are likely to be more sensitive because only eighty percent of alveoli in the lungs are formed after birth and the lungs continue to change and develop through adolescence; very young lungs are highly vulnerable to damage (Szyszkowicz, 2008) . In addition, children spend more time outdoors than adults and have higher levels of physical activity, increasing their exposure to air pollution (Szyszkowicz, 2008) .
We found evidence of an effect modification by sex. While girls were significantly more likely to be hospitalized for bronchitis after dust events, the reverse was found for low wind: boys were significantly more likely to be hospitalized than girls. While no one has examined a sex-based interaction related to low wind, Meng and Bin (2007) , studying dust events, found a stronger association between pneumonia and upper respiratory tract infections for males of all ages, than for females; but when all respiratory illnesses were combined, they reported a stronger association for females. Our focus was not on pneumonia and upper respiratory tract infections, so the results are not directly comparable. In Japan, Kanatani et al. (2010) found that the risk of asthma hospitalization on the day of a dust event was greater for boys than for girls aged 1 to 15. The majority of sex-modification studies have focused on differential sensitivity to air pollution (e.g., nitrogen oxides, carbon monoxide, and ozone), as opposed to dust and low wind, and females have emerged as generally more sensitive Delfino et al., 2009 ). However, more research is needed as some studies have found boys to be more sensitive than girls to air pollution (GranadosCanal et al., 2005; Szyszkowicz, 2008) .
Patterns emerged regarding differences in likelihood of hospitalization based on insurance status. In general, we found the largest odds ratios within the insurance interactions in the adult subgroup, and it was generally adults covered by Medicaid and those without insurance (i.e., poor adults) that were at increased risk for asthma and bronchitis admissions after dust and low wind events. Our finding is consistent with previous studies which have shown that persons with low socio-economic status are more susceptible to asthma hospitalizations from anthropogenic air pollution (Delfino et al., 2002; Burra et al., 2009 ).
Limitations
While El Paso County was an ideal location to conduct this study because of the high frequency of dust and low wind events, not having coarse particulate data and a relatively small population were limitations. Our indicator variable for dust events should account for acute exposures to PM 10 . While some have controlled for PM 10 in dust event studies (Yang et al., 2005) , others have not (Gyan et al., 2005; Lee et al., 2008) , and some use it to create their dust event indicator (Bell et al., 2008) . In terms of the population, we had small counts of admissions in some categories, such as children without insurance, which translated into low power for the detection of effects in a subgroup analysis.
Asthma may also have been misdiagnosed among the young children since asthma diagnoses become more accurate as children age. In very young children, asthma is difficult to diagnose because young children frequently suffer from colds and respiratory infections which are difficult to distinguish from asthma (National Heart Lung and Blood Institute, 2011). Asthma is also difficult to differentiate from bronchiolitis in infants, so infants were excluded from this analysis (as per Burra et al, 2009 ). Misdiagnosis may still have been a problem amongst the young children hospitalized for asthma in the 1-17 age group. But, given the age group codes, we were unable to separate out the youngest children (e.g., those aged 1-2) within the 1-4 age group code. Nonetheless, all children given asthma diagnoses (i.e., the asthma ICD-9 code) in the hospital would have had severe enough difficulties breathing to be treated for asthma.
We did not consider admissions due to chronic obstructive pulmonary disease, which may have been important for the elderly (Chiu et al., 2008) . Also, we did not investigate racial and ethnic characteristics (other important axes of difference in effect modification studies) as nearly the entire population of El Paso is Hispanic (82%). Lastly, in a border context, residents do cross the US-Mexico border for health care ), and we did not capture those El Paso residents who sought care in Ciudad Juárez, Mexico.
Conclusion
We found that low wind events were significantly associated with children's asthma hospitalizations, and that dust events were significantly associated with children's acute bronchitis admissions. Girls were significantly more sensitive than boys to bronchitis admissions after low wind events with the reverse being found for dust events. Dust and low wind events were associated with increased odds of hospital admissions for asthma and acute bronchitis amongst all ages and children, and the same was true for adults and dust. Adults covered by Medicaid or without health insurance had higher risks of hospitalization for asthma and acute bronchitis after both low wind and dust events. These results suggested that there were respiratory health effects associated with dust and low wind events in El Paso, with stronger impacts among children and the poor. The sex-based findings for children need to be validated. Future research should continue to investigate how patient sex modifies the relationships between dust, low wind events, and respiratory health and the reasons behind boys' and girls' differential sensitivity including the underlying biological and/or social mechanisms.
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